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FOREWORD

This final report desceribes the Afr Force XLIR129-P-1 Reusable Rocket
Engince Program conducted during the period 6 November 1967 to 15 August 1970,
and is submitted in accordance with the requirement of Contract F04611-6G8-C-0002,

This effort was the second phase of the Air Force Cryogenic Rocket Engine
Advanced Development Program, Project 2 of the Program Flement 6340817,

This publication was prepared by the Pratt & Whitney Afrcraft Florida
Rescearch and Development Center as report PWA FR-3832.

This Technical Report has been reviewed and is approved.

Robert E. Probst

Captain, USAF

Program Manager

Air Force Rocket Propulsion Laboratory
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. ABSTRACT

\\

\-fl‘lle objective of this program was to demonstrate the performance and
mechanical integrity of a 250,000 b thrust rcusable rocket engine designated
the XLR129-P-1., The program, sponsored by the Air Force Rocket Propulsion
Laboratory, was accomplished by Pratt & Whitney Aircraft at the Florida
Rescarch and Development Center and consisted of design and analysis of all
engine components and the demonstrator engine, Fabrication and testing of
the critical major components was also accomplished,, This effort was the
gecond phase of the Air Force Cryogenic Rocket Engine Advanced Development
Program, Project 2 of Program Element 63048F, During the first year,
experimental evaluation was conducted in the areas of a fixed fuel area pre-
burner injector, hydrogen cooled roller bearings, compact pump inlets, light-
welght nozzle fabrication techniques and selected control valves. These tests
provided the background necded for the design of thesc particular components.
During the second year, the design of all components and the demonstrator
engine was completed. AThe engine was designed to operate with liquid oxygen
and liquid hydrogen propellants, uses the staged combustion cycle, includes a
variable thrust, and a variable mixture ratio capability. During the third year,
fabrication and testing of certain components such as the preburner injector,
transition case, and fuel turbopump was accomplished. Critical control system
components such as the preburner oxidizer valve, the preburner fuel valve and
static seals were also tested and evaluated. These tests demonstrated the
feasibility of these components., The program commenced 6 November 1967,
and ended on 15 August 1970, \

\
\
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SECTION I
INTRODUCTION

A, GENERAL

The Air Force XLR129-P-1 Recusable Rocket Engine Program was an
advanced development program originally contracted to cover a 54 month period
starting 6 November 1967 and ending 6 May 1972, The overall objective of the
original program was to demonstrate the performance and mechanical integrity
of a 250,000 1b thrust, oxygen-hydrogen, reusable rocket engine having the
characteristics outlined in table I. However, the program was redirected to I
a demonstration of critical components and completed on 15 August 1970 after
the last hot turbine test was conducted. The redirection was accomplished to
avoid duplicating work performed on the NASA Phase B Space Shuttle Main
Engine (SSME) studies.

Table I. Demonstrator Engine Characteristics

Nominal Thrust 250,000 Ib vacuum thrust with area ratio of 166:1
244,000 1b vacuum thrust with area vatio of 75:1
209, 000 1b sea level thrust with area ratio of 35:1 1

Minimum Delivered  96% of theoretical shifting Ig at nominal thrust;

Specific Impulse 94% of theoretical shifting Ig during throttling

Efficiency :

Throttling Range Continuous from 100 to 20% of nominal thrust over J
the mixture ratio range

Overall Mixture Engine operation from 5:1 to 7:1

Ratio Range

Rated Chamber 2740 psia

Pressure

Engine Weight 3520 1b with flight-type actuators and engine %

(with 75:1 nozzle) command unit !
3380 1b without flight-type actuators and engine !
command unit

Expansion Ratio Two-position booster-type nozzle with area ratios
of 35:1 and 75:1

Durability 10 hours time between overhauls, 100 reuses,
300 starts, 300 thermal cycles, 10,000 valve
cycles

Single Continuous Capability from 10 seconds to 600 seconds

Run Duration

Engine Starts Multiple restart at sea level or altitude

Thrust Vector Amplitude: +7 deg

Control Rate: 30 deg/sec

Acceleration: 30 rad/sec2




Table I. Demonstrator Engine Characteristics (Continued)

Control Capability +3% accuracy in thrust and mixture ratio at
nominal thrust, Excursions from extreme to
extreme In thrust and mixture ratio within

5 seconds
Propellant LOZ: 16 ft NPSH from 1 atmosphere bolling
Conditions temperature to 180°R
LH,: 60 ft NPSH from 1 atmosphere boiling »
temperature to 45°R P
Environmental - Sea level to vacuum conditions
Conditions combined acceleration: 10 g axial

with 2 g transverse, 6.5 g axial
with 3 g transverse, 3 g axial
with 6 g transverse

Engine/Vehicle The engine will receive no external power, with
the exception of normal electrical power and
1500-psia helium from the vehicle

The XLR129-P-1 demonstrator engine program schedule is shown in fig-
ure 1, The program was divided into five tasks. Task 1, Supporting Data and
Analysis, generated test and analytical data to complete the necessary tech-
nology to design the engine and components, During task 2, all components
and the demonstrator engine were designed. Task 3, Component Development,
was the phase during which the program was terminated, and this task was io
fabricate and test the components to qualify them for engine use. Task 3 was
redirected, as noted, to limit fabrication and testing to critical components
only. Task 4 was to have been integration of the components into the demon-
strator engine and testing of the demonstrator engine. A flight engine was to
have been defined in task 5.

Task 1 D(&mm-ﬂmn

woh e e e 15 5 b e s e e

Tek 2 [ Design |

Task 3 | Component Development |

Tes 4

Task 5 [Flight Fngine Definition |

LL 1 1 1 1 Jd

1 Nov
1987 1968 1969 1870 1971 1972

CALENDAR YEARS

Figure 1. XLR129-P-1 Demoastrator Engine FD 27857C
Program Schedule




B. PROGRAM TASKS

The entire program was to have consisted of five tasks and specific sub-
tasks as follows:

Task 1 - Supporting Data and Analysis
Subtasks

1.1 - Fixed Fuel Area Preburner Injector Evaluation
1.2 - Roller Bearing Durability Tests

1.3 - Pump Inlet Evaluation

1.4 - Nozzle Fabrication Investigation

1.5 - Controls Component Test

Task 2 - Design

Subtasks
2.1 - Preburner Injector
2.2 - Main Burner Injector

2.3 - Nozzles

2.4 - Maiu Burner Chamber

2.5 - Transition Case

2.6 - Fuel Turbopump

2.7 - Oxidizer Turbopump

2.8 - Fuel Low-Speed Inducer
2.9 - Oxidizer Low-Speed Inducer
2.10 - Control System

Task 3 - Component Development
Subtask

3.1 - Precburner Injector

3.2 - Main Burner Injector

3.3 - Nozzles

3.4 - Main Burner Chamber

3.5 -~ Transition Case

3.6 - Fuel Turbopump

3.7 - Oxidizer Turbopump

3.8 - Fuel Low-Speed Inducer
3.9 - Oxidizer Low-Speed Inducer

3.10 Control System

[enp——




Task 4 - Engine Integration and Demonstration

Task 5 - Flight Engine Definition
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SECTION il
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

A, DEMONSTRATOR ENGINE

The design of the 250K demonstrator engine and its major components,
including plumbing was completed during the second task of the contract. The
XLR129 demonstrator engine design is shown in figure 2. Design of the engine
and major components wus based on proven test technology; namely, 2ll major {
components such as combustion devices and turbomachinery were tested at 1
either 250K or 350K thrust level, demonstrating their feasibility. Design
studies were also conducted on the demonstrator engine in the areas of engine
mockup and plumbing. A full-scale mockup of the demonstrator engine was
used as a working tool during design. Numerous design iterations were con-
ducted on the mockup for compenent arrangement and plumbing. A satisfactory
component arrangement for the engitie mockup was established. In the area
of engine plumbing, satisfactory designs and arrangement were established
for the major plumbing lines and associated components. Layout designs of
major plumbing lines along with detail designs of the preburner fuel line, fuel
pump discharge lines, and small line connectors were campleted. A static
seal rig was built to evaluate 23 different seal configurations., Thirty-five
builds of the rig were used. The 0.025 in. thick heat treated toroidal cegment
seal configuration met the required leakage of less than 10-4 standard cubic
centimeters per second (sccs) leakage per inch of seal circumference after
the 500 pressure cycle endurance test was completed. It is recommended that
the toroidal segment seal be incorporated in the XLR129 engine design where
coupling seals larger than 1 inch are required. Engine system analyses were
also conducted during the program to define component system requirements,
estimate capabilities of the integrated engine system, and to include the results
of component and engine tests. These analyses include steady-state analysis,
transient analysis, shutdown analysis, special design cycle studies, and genera-
tion of performance data,

B. PREBURNER INJECTOR

The preburner is an oxygen/hydrogen combustor supplying hot gases to
drive the oxidizer and the fuel pump turbines. Because preburner gases are
used to drive the fuel and oxidizer pump turbines, the design goal temperature
profile is 150°R peak-to-average to permit operating the turbines at the maximum
allowable average temperature. The design of the preburner injector consists
of 253 dual-orifice, tangential swirler oxidizer elements with concentric fuel
annuli positioned around cach oxidizer element. All are arranged in a hexagonal
pattern as shown in figure 3. Under the Supporting Data and Analysis task the
preburner injector was tested and developed to produce a stable slot swirler dual
orifice injector element. A model test water flow program was conducted during
the supporting data analysis task to develop a stable oxidizer injection element,
which had a 0.124 in. inside diameter. Fourtecen full-scale preburner combustion
tests were conducted with the fixed fuel area preburaer during the Supporting
Data and Analysis task. Peak-to-average combustion temperature profile of
76°R in a radial planc was demonstrated at an average temperatuie of 2388°R,
This fixed area, fuel-injection design concept is feasible because of density
changes occurring in gaseous fuel allowing throttling while simultancously
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maintaining a suitable injeciion veiocity. However, because liquid oxygen is
essentially incompressible, \he dual- orifice principle is applied to a slot-
swirler element to provide suitable injuction velocity cver the throttling range.
The preburner injector housing has 28 slats to allow gaseous hydrogen to fiow
from the outer field manifold to the manifold behind the faceplates. Preliminary
oxidizer flow enters the primary oxidizer manifold through six equally spaced
ports in the preburner injector housing. Secnndary ox.dizer flow arrives at

the secondary oxidizer manifold directly from the preburner oxidizer valve.

The porous injector faceplate is fabricated from Rigimesh. Ignition systems
will be integral spark igniter-exciter units that are mounted on both the pre-
burter and the main chamber. Two systems will be provided for the preburner
and two for the main chamber to provide total spark redundancy. During the
component development task the fabrication and calibrationof an engine type
preburner injector was completed. Fourteen firings were made with an engine
type preburner injector. The six initial tests produced unacceptable temperature
profiles and the uncooled combustion liner sustained damage. The next eight
tests demonstrated acceptable temperature profiles and damage to the combustion
liner was not evident. As a result of these hot firings, hardware modifications
were made to improve bhoth the life and performance of the preburner injector.
Eight firings were then made with the modified p..eburner injector. This modified
injector performed satisfactorily, and no further modifications were necessary.
The general conclusions that can be made from the preburner tests are:

1. The temperature profile is acceptable for driving the fuel
pump turbine

2. A transpiration cooled liner is necessary in the high energy
release zone of the preburner chamber

3. The addition of the transpiration cooled section of the pre-
burner liner will allow operation of the preburner above 20%
thrust,

C. TRANSITION CASE

The transition case consists of one main sphere and four small spherical
segments that intersect the main sphere. The centerlines of thre2 of the small
spherical segments lie in a plane that is perpendicular to the engine thrust
axis. The smaller spheres act as the attachment points for three major com-
ponents; the preburner injector, the oxidizer turbopump, and the fuel turbopump.
The centerline of the fourth spherical segment coincides with the engine thrust
axis. The fourth segment provides the attachment point for the main burner.
The entire assembly is a pressure vessel. The transition case contains internal
ducting that routes preburner discharge gases through the fuel and oxidizer pump
turbines and to the preburner injector as well. The goal of the traasition case
subtask was to demonstrate the structural adequacy of the inner ducts of the
transition case when operating at an internal pressure of 4856 psia ard with the
internal gas temperature as high as 2325°R, The transition case with the
centerbody installed is shown in figure 4. WIith incorporation of the preburner
injector, fuel turbopump and oxidizer turbopump, the transition case is a self-
contained powerhead supply’ng the main burner thrust chamber with high-pressure
propellants necessary to preduce the design thrust. Moreover, it serves as the
primary combustor stage for the staged combustion cycle. Internal ducting of




the transition case divides the hot fuel~rich gases from the preburner to provide
adequate proportionate gas flow to each turbine. The fuel turbine requires about
twice the mass flow required to drive the oxidizer turbine. Cooling liners,
positioned between the outer case and the hot gas flow path, are not included so
the outer gas temperature is retained below 540°R,

Oxidizer Turbopump

~ Oxidizer Low-Speed
ey ™~ 7 Inducer

VoA (l \l % ) Transition
T \Wa\ Case
= ; [- I ¥ 1e Q
A Preburner
-..%. Injector
Two-Position ‘ /N N:ni_n Burner
Noazzle 3{ e njector

e,

-.‘“\“I,Q.‘.r,.nq
» \- -

Figure 2. XLR129 Demonstrator Fngine FD 27533E
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Figure 4. Transition Case With Centerbody FE 97596
installed

Hand welding methods were used in the fabrication of the transition case.
A study of welded spezimens was conducted showing that hand welding was
superior to machine welding when cost, quality and consistency were considered.
The porous cooling liner that routes the coolant to the outer case was installed
in subassembly sections in the outer case. The liners were fabricated by a
vendor and were formed to the case contour. Because the coolant flowrates,
after forming, proved from tests to be unpredictable, the flow was tailored
by a flaimne spraying process. The transition was hot gas tested during the
latter phase of the program. For the initial preburner/transition case testing,
turnaround caps, closely simulating the fuel and oxidizer turbines, were planned.
Where possible, actual turbine parts were designed into the cap assemblies.
These tests demonstrated that a satisfactory transition case had been evolved,
and that the basic requirements had been fulfilled. It is recommended that
these design concepts be applied to future high pressure rocket engines.

D. MAIN BURNER INJECTOR

The main burner injector introduces, atomizes, and mixcs liquid oxygen
with the hot, fuel-rich turbine discharge (preburner combustion products) so
efficiency and stable combustion is achieved over the full operating range of
thrust and mixture ratios. The design of the main burner injector was com-
pleted during task 2 of this contract.
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The main burner injector design consists of the oxidizer manifold and
housing, spraybar type internal manifolds, oxidizer-injection elemeants, and
the porous faceplate shown in figure 5. The main injector housing consists of
an oxidizer inlet horn, the oxidizer manifold, and crossover passages to the
spraybars. The spraybar injector body consists of 48 individually machined
spraybars brazed into the oxidizer-manifold ring. The spraybars are individually
supported at the outside diameter only, thus permitting free thermal growth,
This approach simplifies manufacturing and provides a lightweight design,
Forty-eight radial spraybars are divided into three groups; 12 long spraybars
equally spaced around the circumference, 12 medium spraybars equally spaced
between the long spraybars, and 24 short spraybars equally spaced between
the medium and long spraybars. This arrangement yields the maximum number
of spraybars consistent with mechanical considerations, and results in good
oxidizer-element density and uniform radial flow distribution. Self-atomizing
injection elements are spaced along the spraybars to obtain good atomization
and distribution. The fuel faceplate is made of Rigimesh, which forms the
support structure as well as the porous face. The faceplate directs approxi-
mately 92% of the hot, fuel-rich, preburner combustion gases through slots
surrounding the oxidizer-injector elements. The remainder of the gas passes
through the porous faceplate. Major components are assembled by brazing
and welding techniques that simplify manufacturing the components. This main
burner injector configuration represents a minimum overall length and weight
design that satisfies the demonstrator engine cycle requirements.

»7 h‘“’"\ ' '“H-" 7
“\\\\\\\\\\\\\\\\\\\\ //////}777'-".&

Injection Elements

Section A-A

Figure 5. Main Burner Injector FD 25641A

During task 3, the Component Development Task, two finished, machined
spraybars were fabricated, but the final fabrication of the main burner irjector
was terminated because of program redirection. Design of the main burier
igniter was also completed. The concepts of individual tapered tube spraybars
and a one-piece, self-supporting, porous metal faceplate are recommended
to develop a durable, lightweight and easily fabricated injector.
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E. MAIN BURNER CHAMBER

The main burner chamber contains the pressure resulting from propellant
combustion, serves as the structural member supporting the primary and two-
position nozzles, transmits thrust, and absorbs gimbal actuator loads. The
overall goals of the main burner chamber subtask were to design, build, and
demonstrate through full-scale testing, performance and operational capability
of a lightweight, durable, thrust chamber for use in the demonstrator engine
program over the specified throttling and mixture ratio ranges. The design
of the main burner chamber was completed during task 2 of this contract. The
main burner chamber design consists of two main components; an outer pressure
shell and a transpiration cooled, copper wafer, chamber liner shown in fig-
ure 6. The outer pressure shell also provides the coolant manifold and serves
as a mount for attaching the chamber liner in two sections. Copper cylindrical
wafers forming the chamber are divided into 28 zones., Each wafer consists of
front and back plates. A zone is a collection of composite wafers fed by inter-
connected zone coolant manifolds. The chamber lin~r consists of a stackup
of 512 0,040 in. thick copper wafer halves brazed together, Spiral groove
patterns photoetched into one side of each wafer half provide the path from the
zone coolant manifold to the inside diameter of the chamber where they open
into the main burner chamber. Composite wafers are constructed of two half
plates brazed at the unetched center plane with an axial thermal relief slot in
the front wafer half. By locating the slot in this plane, the heat exchanger
spiral grooves on the opposiic face are not affected. The addition of axial .
thermal strain relief slots minimizes the wafer thermal strain level by allowing
free axial growth at the hot wall of the chamber, thus producing an acceptable
low cycle-fatigue life. Coolant is distributed to the cylindrical copper com-
bustion chamber cooling liner of the main burner chamber by internal cooling
manifolds, Use of internal cooling manifolds eliminates radial pressure loads,
and thereby allows the wall thickness to be greatly reduced resulting in con-
siderable weight savings. The throat and the rear sections of the chamber use
basically the same coolant distribution concept. Material was purchased to
fabricate an outer case and coolant liner before the program was redirected.

F. NOZZLES

The function of the primary nozzle is to contain the combustion gases and
allow their shock-free expansion from an area ratio of 5. 3:1 to 35:1, High-
pressure hydrogen from the fuel pump is supplied as coolant to two regeneratively
cooled portions of the primary nozzle. During task 2, the design of the primary
nozzle was completed. The primary nozzle design consists of two tubular,
regeneratively cooled heat exchangers shown in figure 7. The downstream
heat exchanger is a double pass type, and supplies hydrogen to the hydrogen
inducer turbine and transpiration cooled main burner chamber, The upstream
heat exchanger is a single pass type, and cools the nozzle from an area ratio
of 5.3 to 18 using approximately 85% of the pump discharge hydrogen flow prior
to dellvery to the preburner injector. Both heat exchangers are shaped from
tubes forming the desired nozzle contour,
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Figure 6. Main Burner Chamber Wafer Assembly FD 31972
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Figure 7. Primary Nozzle Design FD 37255

The function of the two-position nozzle in the extended position is to con-
tain the combustion gases and allow additional shock-free expansion from an
area ratio of 35:1 to 75:1. The two-position nozzle translates to provide a
compact engine package in the retracted position. The translating mechanism
is designed to provide positive extending and retracting of the two-position
nozzle during engine operation. During task 2, the design of the two-position
nozzle was also completed. The two-position nozzle design consists of a cir-
cumferential coolant distribution manifold, a smooth nozzle outer skin with
circumferential stiffening bands, and a corrugated inner nozzle skin shown in
figure 8. The corrugated inner skin forms longitudinal coolant passages. This
nozzle is designed to be dump cooled with low pressure hydrogen taken from the
fuel pump interstage. The translating mechanism was designed to extend and
reiract the two-position nozzle during engine operation and to provide precision
positioning in the extended and retracted positions. Poslitive locking devices
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maintain the nozzle position when the engine is not operating. During task 3,
raw materials necessary to fabricate both the primary nozzle and the two-
position nozzle were purchased and recelved. The long lead time bearings
and forgings required to fabricate two translating mechanism assemblies were
purchased and received.

Materidl Inconel 625

Ovter Sheet Smooth

Ovuter Sheet 0.016
Thickness

inner Sheet Corrugoted

Inner Sheet 0.010 in.
Thickness

Number 360
Corrugations

inlet Dic 48 in.

Exit Dia 66 in.

Length 50 in.

Weight 227 Ib
(Sea Level)

Woeight (Altitude) 186 Ib
Figure 8. Design of Two-Position Nozzle GS 12309

G. FUEL TURBOPUMP

The fuel turbopump supplies liquid hydrogen to the primary nozzle, the
two-position nozzle, and to the preburner injector at sufficient pressure and
flowrates for engine operation from 20% to 100% maximum thrust and at mixture
ratios from 5 to 7. The overall goal of the fuel turbopump subtask was to
demonstrate an operational capability for use in the demonstrator engine pro-
gram, The demonstrator engine requires the fuel turbopump to deliver liquid
hydrogen at a flowrate of 91. 3 1b/sec at a pressure of 5654 psia at its design
point of 100% thrust and a mixture ratio of 5. The design of the fuel turobpump
is shown in figure 9. Major components of the fuel turbopump are the pump,
turbine, rotor assembly, and housings. The two-stage turbine delivers approxi-
mately 49, 900 horsepower to the pump at 100% thrust and a mixture ratio of 5.
The turbine operates at a maximum inlet temperature of 2325°R at 100% thrust
and a mixture ratio of 7. Life is based on 10 hours between overhaul and 300
starts. The fuel pump must also demonstrate satisfactory starting capability
and stable operation over the engine operating range. During task 3, the follow-
ing were accomplished:

1. The fuel turbopump design was completed and fabrication
drawings were released to manufacturing.

2. Two complete turbopumps and one spare rotor were fabri-
cated,
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3. Subcomponent tests were conducted in the following areas:

a. Rotor spin tests

b. Blade vibration tests

c. Main housing proof pressure tests
d. Liftoff seal tests

e. Turbine stator calibration tests

f. Critical speed evaluation tests

4, The subcomponent tests indicated that design objectives were
achieved or exceeded in all except the liftoff seal subcomponent
area. This unit failed after 2525 cycles during an endurance
test to demonstrate 10, 000 cycle life durability.

5. Three fuel turbopump rig builds were completed and 13 pump
test series were conducted to cvaluate the pump performance
axial thrust balance and mechanical integrity.

6. The pump performance test series indicated that pump
performance is approximately 2 to 3 percentage points better
than predicted in overall efficiency, 8% better than predicted
in overall head rise, and the turbopump is capable of stable
operation over the wide flow range required for the demon-
strator engine cycle.

H., OXIDIZER TURBOPUMP

The oxidizer turbopump supplies liquid oxygen to the preburner injector
and main burner injector at sufficient pressure and flowrates for engine oper-
ation from 20 to 160% of maximum thrust and at a mixture ratio range from
5 to 7. The overall goal of the oxidizer turbopump subtask was to demonstrate
performance and operational capability for use in the demonstrator engine
program. The demonstrator engine requires the oxidizer turbopump to deliver
liquid oxygen at a flowrate of 481 lb/sec at a pressure of 4800 psia at 100%
thrust and mixture ratio of 7. During task 2, the design of the oxidizer turbo-
pump was completed. The design of the oxidizer turbopump assembly is shown
in figure 10. The oxidizer turbopump consists of a pump, turbine, and housings.
The oxidizer turbopump is a single-shaft unit with a single-stage, shrouded,
centrifugal impeller driven by a two-stage, pressure compounded turbine.

The two-stage turbine delivers a maximum of 18,000 horsepower to the pump

and operates at a maximum inlet temperature of 2325°R at 100% and a mixture

ratio of 7. Life is based on 10 hours between overhaul and 300 starts. During

task 3, all design layouts and detail parts prints were completed. Raw material
and most of the detail parts were placed on ovder; however, many of these were

not completed because of program redirection, Some major parts such as bearings,
turbine blade casting, the first impeller detail, partial orders of the stators and
exit guide vane castings were received. Fabrication or the oxidizer turbopump
hardware was approximately 45% complete when terminated.
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Figure 10, Oxidizer Turbopump Assembly




I. LOW-SPEED INDUCERS

The function of the fuel and oxidizer low-speed inducers is to supply
propellants to the main turbopumps at & pressure (NPSH) sufficient to prevent
cavitation. This permits the vehicle propellant tanks to be maintained at a
lower pressure thus saving tank and vehicle weight. The overall goal of the
fuel and oxidizer low-speed inducer subtasks was to demonstrate performance
and operational capability for use in the demonstrator engine. The fuel and
oxidizer low-speed inducer layouis were completed. The three~bladed fuel
inducer is driven by a single-stage, partial-admission turbine. The fuel nperates
independently of the maip turbopump and at a speed lower than the main turbo-
pump, This permits the fuel inducer to operute with a low inlet NPSH with-
out cavitation. The fuel inducer is apable of operating with an NPSH as low
as 60 feet, over a hydrogen inlet temperature range, from 36°R to 45°R.

This inducer is designed for a suction specific spzed cf 48,400 rpm gpm 1/2 - 3/4
and a maximum pressure risc of 90 psid. The fuel low-speed inducer consists

of bearings, shaft and thrust piston, turbine, and housings and is shown in fig-
ure 11. The oxidizer low-speed inducer is a single-shait axial flow unit with

high suction specific speed. It is driven by a variable admission, single-stage,
radial inflow, hydraulic turbine. The turbine is driven by fluid supplied from

the discharge of the main oxidizer turbopump. The oxidizer inducer is of

helical design with three blades, and is attached to the drive shaft and turbine
assembly as shown in figure 12, The shaft axial thrust imbalance is absorhed

by a single acting thrust balance piston. The oxidizer inducer was designed

to operaie at a minimum NPSH of 16 ft over an oxygen inlet ten}geratn}'f range
from 162°R to 180°R with a suction speed of 44,000 rpm gpml ft-3/% and a
maximum pressure rise of 197 psid. Both inducers were designed for 300

starts and a 10 hour life span between overhavl. After the design layouts were
completed, work on both the fuel and oxidizer low-speed inducers was terminated.

d. CONTROL SYSTEM

A closed loop control system is required to ensure safe, precise, and
responsive performance of the engine throughout its operating range. The
planned system will accept vehicle or man-in-the-loop command signals at
any rate or sequence, and provide rapid response within the functional and
structural limits of the engine. The system will be stable at any setting and
will respond smoothly to command.

Four discrete electric current signals from the vehicle will accomplish
engine starting, shutdown, and modulation of thrust and mixture ratio. The
control signals may originate either in the vehicle guidance control or from
a pilot command console in 2 manned vehicle. Response of the engine to these
signals will be governed by an electronic Engine Commsnd Unit (ECU). The
demonstrator engine ECU will be a solid state electroaic component incorporating
all flight engine control logic. The control valves, actuators, igniters, and
plumbing will be lightweight, flight-type parts csatained wilhin the engine
envelope. The closed loop control system will use flowmeoeters in both pro-
pellant lines to generate signals proportional to actual thrust and mixture
ratio. These flowmeter signals will be compared to the vehicle input signals
in the ECU and will automatically correct any difference between actual and
desired values by modulating the engine propellant valves. An analysis of the
XLR129 rocket engine cycle established the following four corntrol points are
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required for satisfactory steady-state operaticen: (1) preburner oxidizer valve,
(2) preburner fuel valve, (3) main-chamber oxidizer valve, and (4) oxidizer
low--speed inducer, variable turbine, actuator. Several on-off sequenced valves
are also used in the control system as follows: (1) nozzle-skirt coolant valve,
(2) propellant vent valves, and (3) helium system vslves. The control system
consists of a basic contrcl computer that includes scheduled valve and oxidizer
low-speed inducer tur'-ine areas, with limited authority trim based on measured
engine parameters. Various engine operating limits will be protected by over-
ride authority. Control capability protecting the engine is critical to a man-
rated system, Within the demonstrator engine operating envelop=, the pro-
pellant schedule in the control will prohibit operation beyond component limits.
Requirements for the engine command unit actuator, sensor, and control svstem
computer were defined. The Bendix Corporation was selected as the control
system vendor. Control circuit logic was designed and an engine computer
simulation effort was subsequently conducted by Bendix. During tasks 2 and 3,
the principal control valves and subsvstems were designed. The preburner
oxidizer valve, preburner fuel valve, main burner oxidizer valve and the vent
valve were all designed and detailed prints for each were released. Both the
preburner oxidizer valve and the preburner fuel valve were water flow cali-
brated and cryogenic endurance tested. The preburner cxidizer valve was used
for hot tests of the preburner and the integrated component test rigs. Parts

for two main burner oxidizer valves were procurad, and assemb.y and testing
of this valve is recommended. One vent valve was assembled and it is recom-
mended that tests be conducted on this valve. The electrical ignition system
purchase specification was written and the request for proposal published.

The Benton Corporation agreed to supply, at no cost, two units for this program
for evaluation and development testing, and this is recommended.

K. INTEGRATED COMPONENTS

During task 3, the preburner and transition case were integrated with
other essential components and tested as a hot gas system rig. The fuel turbo-
pump was then added to the rig and it was tested as a hot turbine rig.

The hot gas system rig consisted of a preburner oxidizer valve, a preburner
injector and transition case assembly with rig hardware to simulate the fuel and
oxidizer turbopumps. This hot gas system rig allowed the preburner injector
to be check fired into the hot gas flow path used in the engine system before
driving the fuel turbopump turbine with the preburner. Six firings were made
with the hot gas system, which demonstraied that the preburner injector and
transition case with the fuel and oxidizer turbopump simulator could be operated
satisfactorily under hot gas conditions. The hot gas system rig mounted in the
test stand is shown in figure 13,
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Figure 13, Hot Gas System Rig Movnated In FE 97733
Test Stand
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Figurce 13a. Hot Turbine Rig FE 99486
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The hot turbine rig was similar to the hot gas system except that the fuel
turbopump was mounted on the rig. The hot turbine rig is shown in figure 13a,
Six tests were conducted with the hot turbine rig. During these tests, a preburner
chamber pressure of 4200 psia was achieved and the fuel turbine operated at
temperature levels 86°R in excess of the maximum engine cycle requirement of
2325°R. The peak turbopump flow and discharge pressure achieved was 9956 gpm
and 5554 psia, reapectively, These six turbine rig tests totalled 95. 8 sec and
demonstrated the capability of the integrated fuel turbopump, transition case,
preburner injector and preburner oxidizer valve to operate at conditions equivalent
to 50, 75, and 100% thrust and mixture ratios of 5, 6, and 7. From these tests
it was concluded:

1. The integrated components are capable of operation over a
range of thrust and mixture ratios that satisfy operational
requirements.

2. The feasibility of the spherical transition case concept and
cooling scheme was demonstrated.

3. The adequacy of the mixed cooling scheme used in the turbine
static structure was demonstrated,

4. A suitable preburner temperature profile for operation with
the turbopump turbine was demonstrated.
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